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® Method of producing steel plate with good low-temperature toughness. 
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© A method of producing steel plate with good low-temperature toughness comprises the steps of casting a 
steel melt consisting of 0.001 - 0.300 wt% C, not more than 0.8 wt% Si. 0.4 - 2.0 wt% Mn, not more than 0.007 
wt% At, 0.0010 - 0.0100 wt% O and the remainder of iron and unavoidable impurities, and subjecting the cast 
steel either as it is or after rolling at a small reduction ratio to accelerated cooling. In the cooling step, a fine- 
grained acicufar ferrite texture having oxide-system inclusions as the nuclei develops radially and provides the 
resulting steel plate with excellent low-temperature toughness. 
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Method ot Educing S*el PI*. »»> Oood Low-*rnr>er«ur. Tough*... 

jm -etaee Produce M ^2^^ 

=Lr««i isr-iss? r-s x - ■ - — - - 

casting , *. k M miiinn there has in recent years been a strong movement toward 

in the production of steel plate by hot rolling *erehas in ^ * f producllon steps. The hot 

the production of fine crystal grains and have not been ane to n» 

r0 " ir !n S specification, the term "hot charge ro.Bng" will be used to mean a process in which a slab is 
subjected to hot rolling following casting or ron i * in " ous .^ as6 " 9 ^ n . d hot ro | Hn g of steel plate with 

While it is well known to be met^urgteajy *■ ^« h * eqCSements are not so 

respect to mild and ordinary steels steels and high- 

stringent, application of the hot charge rolling *V , ' X*s wHh low-temperature toughness that 
tensile steels requiring low-temperature toughness resufe ^« ™th 

is inferior to those obtained by conventionaJ ^u^on proce^^ present prior 

The main reason for this is that in the hot charge °J^f"^ ™ "Sure through rolling. As a way of 
to rolling are extremely large, making it difficult to ^J^^^S^S to conLed cooling, 
avoiding this problem it has been proposed to conduc t strong No S70M2H31.320.) However. 
(See. for example. Japanese Published Unexamined Patent ^JPj^S^SJKSw- and thus greatly 
the use of this method introduces an additional requirement for time-temperature co 
impairs the productivity of the rolling process. obtainable by rolling there have been 

For overcoming the li^.^ KSl^SS ^aSned patent Application No. 61- 
oroposed methods such as that disclosed in Japanese ™ DH5 "'*" includ j na a composite cry- 

aellin. Phase c«Mng of «lh,. or Who. TiOend - ^ inc<lnJoras(1 

As regards methods which use Ti^ystem '"elusions as wwj heat-affected 
texture there are known techniques for attaining high toughness of weioea me 

„ „ necessi, for the Tl oxide t^lpihdjs to ^^"JHS"* JTTlnU loughoe*, 
rental Tl m send «**» w»lto«> to <™*£Z,^SL MftoTof Tl content meet therefore be 

ess r^asCTs ss-- ™^ ~ — - 
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SUMMARY OF THE INVENTION 



An obiect of the invention is to provide a method for stably and efficiency producing steel plate by the 
hot charge rolling process without the use of and efficient | y producing thick steel 

jzssxzzzx sr« «c x ^ — - « - - 

system inclusions. 
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DETAILED DESCRIPTION OF THE INVENTION 



The steel according to the present invention inches as ^^^^^TC^le 
0.300% (weight percent the same hereinafter) of C. not more than 0.8% of b.. u.« 
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than 0.007% of Al and 0.0010 - 0.0100% of O. In addition, it may as required contain one. two or more of 
the following in the amounts indicated: not more than 1.5% of Cu, not more than 10% of Ni, not more than 
1% of Cr, not more than 1% of Mo, not more than 0.2% of Nb, not more than 0.5% of V, not more than 
0.05% of Ti. not more than 0.05% of Zr, not more than 0.0025% of B. not more than 0.05% of REM and not 

s more than 0.008% Ca, the remainder being iron and unavoidable impurities. 

C. Si and Mn enhance the strength of the steel and also promote structural harding at HA2. They 
therefore have to be contained in appropriate quantities but care must be taken to prevent their content 
from becoming too high. From this viewpoint a steel to be subjected to the method of this invention should 
contain C at from 0.001 to 0.300%, Si at not more than 0.8% and Mn at from 0.4 to 2.0%. 

to While Al is generally added for the purpose of deoxidization, if contained at more than 0.007%, it will 
interfere with the formation of oxide-system inclusions such as (Mn, Si)0 that act as formation nuclei for a 
fine-grained acicular ferrite texture. Therefore the Al content is limited to not more than 0.007%. The O 
content is defined as falling in the range of 0.0010 to 0.0100% so as to ensure the presence an adequate 
amount of oxide inclusions without degrading the steel quality by the presence of excess O. 

is While Cu is effective for improving the corrosion resistance and strength of the steel, it promotes hot 
cracking at excessively high content levels. The content thereof has therefore been defined as not more 
than 1.5%. 

As Ni enhances both the strength and low-temperature toughness of steel, it is added to steels which 
require these properties. However, when the amount of Ni exceeds 10%, the additional effect obtained is 
20 not commensurate with increased cost. For this reason, the content thereof has been limited to not more 
than 10%. 

Cr, Mo and B enhance the tempering characteristics of steel and in the process according to the 
present invention have an effect of stabilizing the acicular ferrite texture. However, when too much of these 
elements are present, hot cracking occurs at the time of transformation from the r phase. Therefore. Cr and 
25 Mo are limited to not more than 1% each, while B is limited to not more than 0.0025%. 

In the present invention, Nb and V contribute to increased steel strength by precipitating out as fine 
nitrides during cooling following rolling. However, too much of these elements deprives the steel of low- 
temperature toughness. Therefore, the content of Nb is limited to not more than 0.2% and that of V to not 
more than 0.5%. 

30 As toughness deteriorates markedly when either the Ti or Zr content exceeds 0.05%, the upper limit for 
Ti and Zr content has been set at 0.05% each. 

Ca and REM fix S contained in steel and thus work to reduce the MnS content, which is advantageous 
since MnS has a deleterious effect on the ductility and notch toughness of the steel. They are therefore 
added for this purpose. However, when present in excessive amounts they lower the cleanliness of the steel 
35 and become a cause for internal defects in the steel plate. Therefore, the upper limit of Ca content has 
been set at 0.008% and that of REM at 0.05%. 

While the P f S and N content is of no special significance, the lower the content of these elements is 
the better is the toughness at weld joints (HAZ and the welded metal) of the steel. It is therefore preferable 
to maintain the content of P and S at not more than 0.025% and that of N at not more than 0.0050%. 
40 Explanation will now be made regarding the rolling method and the cooling conditions following rolling 
in the method according to this invention. 

In accordance with one aspect of the present invention, molten steel meeting the aforesaid require- 
ments regarding chemical composition is cast in the thickness of the desired product plate, the cast steel is 
cooled between the liquidus and solidus at a cooling rate (hereinafter referred to as the "solidification rate") 
45 of not less than 10°C/min, and following solidification is cooled from 800 to 600°C at a cooling rate of 
between 2°C/sec and not more than 50°C/sec. 

In accordance with another aspect of the present invention, molten steel meeting the aforesaid 
requirements regarding chemical composition is cast in the thickness of the desired product plate, the cast 
steel Is cooled between the liquidus and solidus at a solidification rate of not less than 10°C/min, the 
so solidified steel is subjected to rolling in the course of cooling at a temperature of not less than 800 °C and at 
a reduction ratio of not more than 1.5, and the rolled steel is cooled from 800 to 600°C at a cooling rate of 
between 2°C/sec and not more than 50°C/sec. 

In the method according to the present invention, use is made of an acicular ferrite texture having 
oxide-system inclusions as the transformation nuclei. For this it is necessary to precipitate the (Mn, Si)0 
55 and other oxide-system inclusions serving as the transformation nuclei in the form of finely divided 
secondary deoxidization products. 

The formation of secondary deoxidization products is closeiy related to the solidification rate. Specifi- 
cally, the slower the solidification rate, the coarser are the secondary deoxidization product grains. 
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_ the number a, *e ^s-o 

.ower than lO-Cfti*. ^-mss^to <^jfi££~ lower ^ SOO-C causes the roiled 
solidification rate of not less than 10 C/mm «° »"9 forma £ on of ac icular ferrite texture, 
texture to remain in the r phase. wh,ch .s harmful to , 5> ^ f grai ns become fine and 

When the roiling is carried out at ^^J^Ts SsoTarmhil to the formation of the acicular 
transformation from the grain boundary P^^T* ^° el plate is left as cast) or is carried out 
ferrite texture. Therefore. rolling *»er '^^X^ n^more than 1.5. 

iii-JSS ^^^sr^^ig ,om aOCC to betow SOCC at a rate 
of not less than 2-C/sec and not more ^an 50'C,sec. e jn various a^js 0 f steel 

The method of the present invention ,s c ^^^^ < ^. can provide steels for use in 
structures which are used at ambient or ^^^ S ps ^ d SSo^stmctures. 
line pipes, low-temperature pressurized stor^e^^te sh,ps ^^tf^ by 

,n the conventional method of ?"duc.ng sutf ^Jzing. rolling and accelerated cooling, 
rolling, hot charge rolling or ^^^^^l^ a ^er^ cooling immediately after 
In the method of the present method, the steel is suojeciea w fine-grained acicular fenite 

casting or after roiling at a small reducfi on ^Z^^™^** ^ *~ 

- te ^^rp^ 

integrated. ... ^00+1, and toughness equal to or better than that 
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Examples 

Table 1 shows the chemical composition of samples taken from steel plates produced from slabs 
prod ucedbv vacuum —JJ^ conditions of ^ plates produced according to the invention and of 
steel olates oroduced according to the conventional method, and 

torn,*™, of r v** ad-enceo lo some *9™«- rrtte) at a temped r»lo» 800-C 

cooling rate in the tn^fomrarton region. ^J^J 1 ^ ^o-Oseo at one portion (at the find 
STJ^^rrSS- ~ - t™— noo W — 
insufficient and as a result the steel exhibited ^ tou 9^ ne = s - 1 nad hign A , contents of 

oxides produced was inadequate and toughness was thus low. 
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Table 3 







Tensile strength 
test JIS5 


Charpy test 


JIS4 




5 
10 


Compo- 
sition 


Y S 
(kg/mm 2 ) 


T S 
(kg/mm 2 ) 


Absorbed 

tints cyy 

(Mean value) 
vE-20°C 
(kg-ra) 


vTrs 
(°C) 


Microscopic 
texture 




0-1 


46.3 


56.0 


25.3 


-60 


Acicular ferrite 




0-2 


49.0 


60.5 


13.4 


-29 


it 


f5 


0-3 


31.8 


44.2 


17.1 


-38 


n 




1-1 


44.8 


55.1 


21.8 


-53 


n 


20 


1-2 


42.5 
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-48 
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tt 
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it 
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19.8 
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Tensile strength 
test JIS5 



Tab le 3 (Continued) 
Charpy test JIS4 



Compo- 
sition 



Absorbed 
energy 
(Mean value) 
vE-20°C 
(kg-m) 



Microscopic 
texture 
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Table 3 (Continued) 







Tensile strength 
test JIS5 


Charpy test 


JIS4 




10 








Absorbed 






15 


Compo- 


Y S 

2 

( Vrr /mm \ 
\ ivy / mitt j 


T S 

fleer /mm^ 1 
\ ivy / uuu / 


energy 
(Mean value) 

vE-20°C 

(kg-ra) 


V X J. o 

CO 
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Claims 

40 1. A method of producing steel plate having acicular ferrite texture and exhibiting good low-temperature 

toughness comprising the steps of 

casting a steel melt having as its essential nonferrous components 0.001 - 0.300 wt% C. not more than 

0.8 wt% Si, 0.4 - 2.0 wt% Mn, not more than 0.007 wt% Al and 0.0010 - 0.0100 wt% Oi the remainder 

being iron and unavoidable impurities, 
45 cooling the steel melt between the liquidus and solidus thereof at a cooling rate of not less than 

^ 10°C/min, 

optionally rolling the solidified cast steel starting from a temperature of not lower than 800°C and at a 
rf reduction ratio of not more than 1.5, 

cooling the rolled or as-cast steel from 800 to below 600 °C at a cooling rate of between 2°C/sec and 
* 50 not more than 50°C/sec. 

2. The method as claimed in claim 1 wherein, in addition to the essential nonferrous components, the 
iron and the unavoidable impurities, the steel melt includes one or two members selected from among not 
more than 1.5 wt% Cu, not more than 10 wt% Ni, not more than 1 wt% Cr, not more than 1 wt% Mo, not 
more than 0.2 wt% Nb, not more than 0.5 wt% V. not more than 0.05 wt% Ti t not more than 0.0025 wt% B, 

S5 not more than 0.05 wt% REM, not more than 0.008 wt% Ca and not more than 0.05% Zr. 

3. The method as claimed in claim 1 wherein, in addition to the essential nonferrous components, the 
iron and the unavoidable impurities, the steel melt includes three members selected from among not more 
than 1.5 wt% Cu, not more than 10 wt% Ni, not more than 1 wt% Cr, not more than 1 wt% Mo, not more 
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combinations: 



(i) Tl, Cu. Ni 
5 (ii) B. Cu. Ni 

(Ui) Nb. Ti. Ca 

(iv) Nb. Ti. V 

(v) Nb. Ti, B 

(vi) Ti. Ca, Zr 

to ( v ») Nb ' B » V 

(viii) Nb. Ni. Mo 



(viii) Nb. ni, wio 

0) Nb. Ti. Ca. B 
20 (ii) Nb. Ti, B. V 

(Hi) Nb, Ti. Cu, Ni 

SngS^Tin one of the foUowing oombinaiions: 
(i) Nb, Ti, Cu. Ni, Cr 
30 (H)Nb,Ti,Ca,Cu,Ni 
(Hi) Nb, Ti. Cu, Ni, V 

(iv) Nb, Ti, B. Cu. Ni 

(v) Cu, Ni. Cr, Mo. V 
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